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Bopo~4os C.6., AM~Tp~escK~~ B.n., 3annaT~H H.n. P9- 12577 

Pac4eT onT~ManbH~x pe~~MOB speMeHHO~ pacTfl~K~ 
ny4Ka C~HXP04~KnOTPOHa np~ nOMO~~ C -3neKTPOAa 

B pa6oTe np~BeAeH~ pe3ynbTaT~ 4~cneHHOro MOAen~posaH~fl 
npo4ecca pacTfl~K~ ny4Ka np~ noMo~~ C-3neKTPOAa Anfl c~Hxpo-

4~KnOTPOHa. PaccMoTpeH~ ABa pe~~Ma pacTfl~K~: nepe3axsaT ~3 
cenapaTp~c~ AYaHTa ~ ~3 npeABap~TenbHO ocTaHosneHHoro ny4Ka. 
PaccMOTpeH npo4ecc AP06neH~fl ny4Ka np~ pa6oTe C -3neKTPOAa 
Ha 4aCTOTe, KpaTHO~ 4acToTe o6pa~eH~fl 4acT~4· YKa3aH~ on
T~ManbHble pe~~M~, ocy~ecTBnfleMble np~ M~H~ManbHOM Hanpfl~eH~~ 

Ha C -3neKTPOAe ~ MaKC~ManbHO~ 3cl>cl>eKT~BHOCT~ paCTfl~K~. 
Pe3ynbTaTbl pa60Tbl ~cnonb3osaHbl Anfl c~cTeMbl pacTfl~K~ ny4Ka 
c~nbHOT04HOro ct>a3oTpoHa OHRH. 

Pa6oTa B~nonHeHa B na6opaTop~~ flAePH~X npo6neM OHRH. 

Coo6weHHe 06bellHHeHHOrO HHCTHTyTa S!JlepHbiX HCCnellOBSHHA, Lly6Ha 1979 

Vorozhtsov S. B., Dmitrievsky V. P., Zaplatin N. L. P9- 12577 

Numerical Modeling of the Beam Stretch Process 
by means of C -Electrode for the Synchrocyclotron 

The results of numerical modeling of the beam stretch 
process by means of C -electrode for the synchrocyclotron 
are presented. Two methods of stretching are considered: 
re-capture from the separatrix of the dee and from the prel i
minarily stopped beam. The process of the beam chopping when 
C -electrode has a frequency multiple to the rotational 
frequency of particle is discussed. Optimum regimes, which 
can be realized with minimum voltage on the C -electrode 
and with maximum of . the stretching efficiency are shown. 
These results were used for the system of the beam stretchin~ 
in the Dubna high-current synchrocyclotron. 

The investigation has been performed at the Laboratory 
of Nuclear Problems, JINR. 

Communication of the Joint Institute for Nuclear Research. Dubna 1979 

© 1979 06r.eQIIH6HBblll JIBCTIIf'YT JIQ6pHblJC JICCneQOBBHJI/1 Jly6HB 

B. Jla6opaTopHH JI,D;epHbiX npo6neM OHJIH c 1973 ro,D;a pa6oTaeT 

BpeMeHHaJI paCTJI~a BbiBe,D;eHHOrO DpOTOHHOrO DY'IKa CHHXPOUH

KJIOTpOHa npH DOMOIUH BCDOMOraTeJibHOrO C-3JieKTpO,D;a 1 1 ~ Ilepe

XO,D; DY'IKa OT YCKOpeHHJI ,D;yaHTOM K YCKOpeHHJO C- 3JieKTpO,D;OM 

npOHCXO,D;HT C 3cW>eKTHBHOCTbJO 45~ npH MaKCHMaJibHOH aMDJIHTy,D;e 

uanpJI)I(eHHJI ua C - 3JieKTpo,D; V me= 11 KB. 

QeJibJO ,D;aHHOrO HCCJie,D;OBaHHJI JIBJIJieTCJI HaXO)I(,D;eHHe pe)I(HMOB 

pa60Tbl ,D;yaHTa H C - 3JieKTpO,D;a, D03BOJIJIJOIUHX DOJIY'IHTb MaKCH

MaJibHYJO 3cWleKTHBHOCTb paCTJI)I(KH DY'IKa CBHXPOUHKJIOTpOHa DpH 

MHHHMaJibHOM 3Ha'leHHH V me H MaKCHMaJibHOM K03cW>HUHeHTe 3a

DOJIHeHHJI MHKpOHMDYJibCa nyqKa. 

~JIJI aHaJIH3a CHHXpOTpOHHOrO ,D;BH)I(eHHJI 'laCTHU DpH HaJIH'IHH 

,D;BYX YCKOpJIJOIUHX CHCTeM: ,D;yaHTa H C - 3JieKTpO,D;a - 6biJia HaDH

caHa nporpaMMa Ha 3BM, DpH DOMOIUH KOTOpoii MO,D;eJIHpOBaJICJI 

npouecc ,D;BH)I(eHHJI qacTHU B 30He cHcTeMbl pacTJI)I(KH. CxeMa 

pacnoJio)l(eHHJI ycKopJIJOIUHX CHCTeM npHBe,D;eHa ua puc. 1. PacqeTbi 

npOBO,D;HJIHCb ,D;JIJI napaMeTpOB CHHXPOUHKJIOTpOHa JIJIII, DpHBe,D;eH

HbiX B •a6AUije. 

Onpe,D;enea&e :JcW>eKTHBHOCTH JaxaaTa qacTHU C-:JJieKTpo,D;OM 

npOH3BO,D;HJIOCb nyTeM npOBO,D;KH H306pa)l(aJOIUHX TO'IeK cjla30BOH 

nnocKOCTH DY'IKa qepe3 cHcTeMy ,D;yaHT - C -:JJieKTpo,D;. Ha puc. 2 
npe,D;CTaBJieHO DOJIO)I(eHHe 3THX TO'IeK B npe,D;eJiaX cenapaTpHCbl 

,D;yaHTHoii nporpaMMbl B aaqane ,D;BH)I(eHHJI. Ka)I(,D;aJI ycKopJieMaJI 

'laCTHUa xapaKTepH30BaJiaCb B HCXO,D;HOM DOJIO)I(eHHH Ha'laJibHbiM 

a3HMYTOM a0 , MOMeHTOM BpeMeHH to H KHHeTH'IeCKOH 3HeprHeii 

Wo .l.JaCTHUa C'IHTaJiaCb nepe3aXBa'leHHOH, eCJIH OHa COBepmaJia 

He MeHee ,D;BYX cjla30BbiX KOJie6aHHH DO,D; KOHTpoJieM C - 3JieKTpO,D;a 

H DpH BbiKJIJO'IeHHOM HaDpJI)I(eHHH Ha ,D;yaHTe. 3cW>eKTHBHOCTb CHC

TeMbl paCTJI)I(KH onpe,D;eJIJIJiaCb KaK OTHOWeHHe 'IHCJia nepexBa'leH

HbiX 'laCTHU K 'IHCJiy CTapTOBaBWHX. 
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OC.D = 180° 
O(c • 35° 
4o( = 50 

Elf' 
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Puc.l. CxeMa pacnOAOJICeHU.JI oyaHma u c- 3AeKmpooa. 

w 
M3B 

Puc.2. (f>a3oea.J1 o6Aacmb ny'IKa oo Ha'laAa pacm.JIJ«:KU. 

napaMeTp 

V mD 

RCH 

2hc 

fn 

TM 

Rn 

OnpeAeneH~e 

HanpR~eH~e Ha AYaHTe 

PaA~YC KpOMK~ C -3neKTPOAa 

Bepr~KanbHaR aneprypa C -3neKTPOAa 

4acrora nepeaaxsara ny4Ka 

nep~OA MOAYnR4~~ 4aCTOTW C~Hxpo-
4~KnOTpOHa 

PaA~YC nepeaaxsaTa ny4Ka 

Wn 3Hepr~R ne pe3aXBaTa 

B
11 

MarH~THoe none nepeaaxsaTa 

K napaMeTp aBTO$a3~pOBK~ 

2/\ W "' 3HepreT~4eCK~I:i paaMep cena-
m"' 

paTp~Cbl AYpHTa 

cos¢
80 

Koc~Hyc pasHosecHol:i $aaw 
AYaHTa 

¢so 

f D 

fc 

PasHosecHaR $aaa AYaHTa 

npo~3BOAHaR 4aCTOTW AYaHTa 
no speMeH~ 

npo~3BOAHaR 4aCTOTbl C -3neKTPOAa 
no speMeH~ 

A 80 <l>aaosaR nno111aAb cenapaTp~Cbl 
AYaHTa 

A II <l>aaosaR nno111aAb ny4Ka 

Ta6m14a 

3Ha4eH~e 

20 KB 

2,6 M 

14 CM 

14,42 Ml4 

6 MC 

2,669 M 

645 M3B 

1,5941 T 

1' i 06 

9 M3B 

0,295 

72,83° 

-1,71 M14/MC 

- 31,8 Ki4/MC 

288 ~138 · HC 

190 M3B·HC 

ilOCKOJihKY rnaBHO~ xapaKTepHCTHKO~ OllTHMaJibHOrO pe*HMa 

paCTH*KH CqHTaJiaCb B ~aHHOM HCCJie~oBaHHH MaKCHMaJibHaH 3~-
. 1- 3 t 

tl>eKTHBHOCTh, TO H3 BCeX H3BeCTHbiX pe*HMOB paCTH*KH 

aHaJIH3HpOBaJICH JIHllih pe*HM O~HOUHKJIOBOrO CHHXpOUHKJIOTpOH

HOrO ~oycKopeHHH /OC)l,j B aapHaHTax: 

a/ nepeJaxaaT HJ cenaparpHChi ~yaHTHO~ nporpaMMhl /TIC)l,TI/; 

6/ nepeJaxaar H3 npe~aapHTeJihHO ocTaHoaneHHoro nyqKa 

;nnon;. 

5 



KpoMe Toro, paccMaTpBBancg pe>KBM .u;po6neHBJI ny'II<a npu noMOll\B 

BOJ6y>K.n;eHBJI Ha C - Jnei<Tpo.u;e q- Toii rapMOHBI<H qacTOTbi o6-

pall\eHHJI CHHxpoHHoii 'laCTHQhl. B JTOM cnyqae topMHpyeTcR q 

crycTI<OB Ha nepuo.u;e o6pall\eHHJI 'laCTHQ . 

IIEPE3AXBAT H3 CEIIAPATPHCh/ J{YAHTHOJ1 

IIPOFPAMMh/ 

qacTOTHhle nporpaMMbi .u;yaHTa B C - Jnei<Tpo.u;a .u;nR JToro 

pe>KHMa npe.n;cTaBneHhl Ha puc. 3. Ilepexo.u; ny'II<a oT yci<opeHHJI 

.n;yaHTOM I< YCI<OpeHHIO C- 3llei<TpO)J;OM BMeeT MeCTO npH t : r 
11 

H fD = fc = f 
11 

, r.n;e f 
11

- MBHBMallbHaJI 'laCTOTa, npH I<OTOpOH 

ell\e OTCyTCTByeT BMnynbC ny'II<a MallOH )J;llHTellbHOCTH Ha BHyTpeH

Heii. MHWeHH YCI<OpBTenJI. HanpJI>KeHHe Ha .n;yaHTe VOD CHHManOCb 

no llBHeHHOMY Jai<OHY BO BpeMeHH B6nH3H t = r
11 

v lt) . 
OD 

t·r - .'\r 
II 

• 1 -- r II I _'\I I 
V mD • npH 

V ( 1 - --------). npu 
mD 2 !\ T 

0 , npH t < II , 1\ l , 

r - .1\r · t · r 
ll 11 

1 1\ r , /1/ 

r.u;e 2 ,~ r - BpeMJI nonHoro CHRTHJI HanpJI>KeHHJI Ha .u;yaHTe. 

AMnllHTy.n;a HanpJI>KeHHJI Ha C - 3llei<Tpo.n;e V OC B .n;aHHOM pe>KH

Me He JaBBCHT JIBHO OT BpeMeHH. 3aBBCHMOCTb >Ke V OC OT pa.n;H

anbHOrO nono>KeHBJI ny'II<a BMena BB.n; : 

V lR) ·" oc 

0 • npB R < R C H - h C ' 

R-RCH+ he R -·h , R · R H+hc. _ - V , npH C H C C 
2hc me /2/ 

V , npB R -' R t h . 
me CH C 

PeJynLTaThl pac'leTa J~ei<THBHOCTB cpaBHBBanBcb npB o.n;uHai<OBhlX 

napaMeTpax c 3I<cnepBMeHTanbHbiMB .n;aHHhlMH 1 1 51. · Ha puc.4 npe.u;

cTaBneHa tYHI<QBJI 3~ei<TBBHOCTB B 3aBHCBMOCTB OT BpeMeHHOH 

6 

J 
(Mr ... 

14.0 
0 :J'n 2 3 4 5 6 tMcek 

Puc.3. tJacmomHble npozpaMMbl oyanma u c -3AeKmpooa. 

Ja.n;ep>KI<H ~t me:· onpe.n;ellJIIOll\eH pa3HOCTH taJ .n;yaHTHOH H c -
Jnei<Tpo.n;HoH nporpaMM B MOMeHT ' 11 • OnTHManbHoe JHa'leHHe .l\t

111
,. 

npH I<OTOpOM 3~ei<THBHOCTb Mai<CHMallbHa, onpe.n;enReTCR Tai<OH 

CHHXpOHH3aQHeH taJ .n;yaHTa H C-Jnei<Tpo.n;a, I<Or.n;a 0611.\aR nno-

11.\a)J;b HX cenapaTpHCbi I puc. 5/ npH BJaHMHOM nepeMell\eHHH no 

OCH cP Mai<CHMallbHa. 

Puc.4. Cpaenenue pact~emnoii 

U 3KCnepuMeHmaAbHOU 31/JI/JeK

mueHocmu Vmc =9,5 KB, 2/1. r = 

=70 MKc; ooo- 3KcnepuMeHm; 

------- - pact~em, --· -

3KcnepuMeHm 6e3 cunxponu-

3aJIUU I/Ja3. 

£% 

-20-10 0 10 30 50 4tmc !HC) 
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6.W 
IM•B) 

t-----2:rr 

Vmc =9.5 kB 

-<"c -, 
2CX)..' _., 300 

91. 

Puc.S. CenapampUCbl oy aHma 

u C - 3/leKmpooa 13 MoMeHm 

nepe3ax6ama . 

Kax BH.IJ;HO HJ puc. 5, .n;nR 11onHoro 11epeJaxBaTa 11Y1.fKa 11pH 

MHHHManbHOM Hal1pJI)I(eHHH Ha C - 3neKTpo.n;e He06XO.IJ;HMO TaK 

MeHRTb 11apaMeTpbi pe)I(HMa 11epeJaxBaTa, •no6bl y.n;anocb corna

coBaTb clJopMy H paJMepbi ce11apaTpHc .n;yaHTa H C - 3nexTpo.n;a. 

)l,nJI 3TOrO He06XO.IJ;HMO HMeTb MHHHManbHO BOJMO)I(HbiH 3Hepre

THl.fecxHii paJMep 11Y1.fKa 11ocne OTKnrol.feHHJI Hal1pJI)I(eHHJI Ha .n;yaH

Te. TaK KaK 11epe JaXBa T OCyllleCTBnJieTCJI B ycnOBHJIX f D " 0 , 

TO B HaWeM cnyqae HeB03MO)I(H0 OCYIIleCTBHTb KBaJHa.n;aa6aTH· 

l.feCKOe CHJITHe V 0 0 , KaK 3TO 6binO 11pe.n;nO)I(eHO B
12 1

. ll0 3 TOMY 

HaHnyl.fWHH pe)I(HM COOTBeTCTByeT 6biCTpOMY 110 cpaBHeHHID C 11epH

O.IJ;OM clJaJOBbiX KOne6aHHH CH.IITHID V OD' Kor.n;a 3HeprHJI l.faCTHQ 1101.fTH 

He HJMeH.IIeTc.ll. Ha puc. 6 11pe.n;cTaBneHa pacl.feTHa.ll JaBHCHMOCTb 

3HepreTH1.fecxoro paJMepa 11Y1.fKa B MOMeHT V
00 

~ O 11PH paJnHq

HbiX cxopocT.IIX CH.IITH.II V
00 

. YBenHl.feHHe 3HepreTH1.fecxoro paJ

Mepa 11Y1.fKa 11pH yMeHbWeHHH CKOpOCTH CH.IITHJI V OD CBJIJaHO C TeM, 

'ITO 11pH i 
0 

I 0 H V 
0 0 

4 0 JHal.feHHe c o s¢ so . 1 . H l.faCTb 

l.faCTHQ OKa3biBaeTCJI BHe .IJ;Hal1a30Ha clJaJ Cel1apaTpHCbl. tleM 

6onbWe BpeM.II HaXO)I(~eHHJI 3THX l.faCTHQ BHe . Ce11apaTpHCbl, TeM 

6onbwe 3HepreTH1.feCKHii pa36poc 11Y1.fKa. AHanorHl.fHoe .IIBneHHe 

HMeeT MecTo H .n;n.11 cnyl.fa.ll V I 0 11PH CH.IITHH v
0 

• 'ITO 11pH-
me D 

BO.IJ;HT K CHH)I(eHHID 3cPcPeKTHBHOCTH 11epe JaXBa Ta 11Y1.fKa . Ill TpHX-

11YHKTHpHa.ll nHHH.II Ha puc. 6 COOTBeTCTByeT a.n;Ha6aTH1.feCKOMY 

CH.IITHID Hal1p.ll)l(eHH.II Ha .n;yaHTe 11pH V me =0, KOr,n;a BeCb 11Y1.fOK 

BbiT.IIrHBaeTC.II Ha clJaJOBOH 11nOCKOCTH B 110nocy C pa3MepaMH 

(2rr, f • A H) . EcnH )l(e V f, 0 11pH CH.IITHH v
0 

TOHMe-
D me . D ' 

eT MeCTO 3cPcPeKT clJaJOBOrO CMellleHH.II 11Y1.fKa 11pH BJaHMO.IJ;eHCTBHH 

8 

'I) 

2t.W 

(M3B) 

20 

10 

Atm~-20Hc Vmc=O 

.Jl Vmc = 23.3 KB 

·--·-·-·--·-·----·-----·-
0 100 200 300 

2~L(MKC) 
Puc. 6. 3a6ucuMocmb 3Hepzemut~ecKozo pa3Mepa nyt~Ka om cKopo-
CIIIU CHJIIIIUJI HanpJIJtCeHUJI OyaHI!Ia. 

cel1apaTpHCbl C - 3nexTpo.n;a c clJaJoBoii 11nOIIla.IJ;biD l.faCTHQ. 0QeHKa 

J TO r O 3cPcPeKTa 11pH 6eCKOHe1.fHOM l.fHCne 060pOTOB 110 cPOpMyne 16 1 

!\ W C M ~ A h(' • f C /3/ 

r.n;e A u(· - clJa JoBa.ll 11nollla.n;b cel1apaTpHCbl C -3neKTpo.n;a , .n;aeT 

3Ha1.feHHe ,\ Wc 1vf4,5 M3B. 113 puc. 7 BH.IJ;HO, 'ITO 11PH v mc ./. 0 QeHTP 

Vmc=23.3KB 
N 

~ 

6Qi ( dl 

N 

6'50 WM3 B 

rAWcM~ 
Vmc=O 

650 WM3B 

2At,.120 MKC 

Puc. 7. 3¢(JeKm ¢a3o6ozo cMeiJieHUJI nyt~Ka. 
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OCTaHOBJieHHOrO nyqxa CMeCTHJICJl B HaWeM CJiyqae Ha f'lWC~ 

3 M3B. 3aBHCHMOCTb MaKCHMaJibHoro no l'lt me 3Ha'leHHJl ' max 

OT uanpJl>KeHHJl ua C - 3nexTpo,Ae npH 2 A r =2 M KC npe,ACTaaneua 

Ha puc. 8, KpHBaJl /IIC)l;Il, q =1/. liJ puc. 8 BH,AHO, 'ITO HaBnyq

wee ' max =84o/o ,AOCTHraeTCJl npH V me =13 KB. IloJIHblii: nepeJaxBaT 

£% 
100 

80 

60 

40 

20 

Asc 
/ AH ·~ "' 1 

-/~----------- - ------

/~·-----· 

OL'-----------L-----------L----------~~--------~L----
30 40 Vmc 10 20 

(KB) 

Puc.8. 3aeucuMocmb 3r/lr/leKmueHocmu nepe3axeama om HanpJIJtCeHUJI 
HQ C - 3/leKmpooe ~ v ' - llC,4ll, q =J; 0 0 0 - llC,4ll, q =5; 
1\ t\ 1\ - nnon, q =5. 

He,AOCTH>KHM B 3TOM CJiyqae H3- 3a 3<i>4JeKTa clJa30BOrO CMell{eHHll . 

CpaBHHBall KPHBYIO ' max ( V rue ) c OTHOWeHHeM clJaJoBoii: nno

ll{a,AH cenapaTpHCbi C- 3JiexTpo,Aa A lw x clJaJoBoii: nnoll{a,AH nyqxa 

K MOMeHTY nepe3aXBaTa A II , MO>KHO npHHTH K BbiBO,Ay, "'TO OUeHKY 

HeOfiXO,AHMbiX V Ill< ' H </JSC ,AJill 3TOrO pe>KHMa MO>KHO fiOJIY"'HTb 

nyTeM COBMeCTHOrO peweHHll ypaBHeHHB 

r,Ae 

10 

8 VmcEn sinf:l(~j 1 ' 2 a(c/; 
A - -- [ ---- • ---- · sc 

If 17 3 '2 r ~ K q 
n 

cos c/> sc 
En 

2 V ·K·f2 
rue n 

. lq "c_ E-1. {:3(q) ~ mm -2 . 2 

rc 
·-----

q . sin f:l (q) 

/4/ 

/5/ 

• 

" ( ¢ sc ) - HOpMaJIH30BaHHaJl nnoll{a,Ab cenapaTpHcbl c -JnexT-

po,Aa, E 11 - nonHall 3HeprHJl qacTHU B MOMeHT nepeJaxaaTa. 

OueHKY K03<i>4JHUHeHTa 3afiOJIHeHHJl MHKpOHMfiYJibCa K. 1all MO>KHO 

fiOJIY'IHTb, eCJIH C'IHTaTb, 'ITO JIIOfiaJl 'laCTHUa, fiOJIY'IHBWaJl B He

KOTOpbiB MOMeHT 3HeprHIO Wp ' W B , TeplleTCll ,AJill BHyTpeHHero 

nyqxa. 3,Aecb We onpe,AenlleTcJl nH6o pa,AHaJibHbiM nono>KeHHeM 

l myTpeuueii: MHWeHH, JIH6o pa,AHycoM uaqana pa,AHaJibHoii: ueycToii:

"'HBOCTH nyqKa B CHCTeMe pereHepaTHBHOrO BbiBO,Aa. Ha OCHOBa

HHH 3THX coofipa>KeHHH MO>KHO fiOCTpOHTb OfiJiaCTb 'laCTBU, nona

,AaiOI.I.{HX Ha 3<i>4JeKTHBHYIO MHWeHb npH W '> W 8 /puc. 9/. IlpH 

4W,(M!B) 
3 

Vmc•11KB 

Puc.9. 0611acmb 'lacmufl, nonaoa~o~qux Ha MUIUeHb. 

f' 

Manblx 3Ha'leHHliX cos ¢sc ,AHana3oH .PaJ yxaJauuoii: o6nacTH 

,AJill Ka>K,AOH c1Ja30BOB TpaeKTOpHB MO>KHO npHfiJIB>KeHHO HaBTH H3 

COOTHOWeHBll 

T rh 1/2 l'lW 114 114 
l'l¢=-217114 (cos ¢ · --'1:) (___!!!. . K . q) (C+l-...!!..cos¢) • /6/ 

sc To E 2 sc' 

r,Ae T 0 - nepHO.A o6pall{eHHJl qacTHU, T cp - nepHO.A clJaJOBbiX xone-

6aHHB Ha ,AaHHOH TpaeKTOpHH, f'l W 111 - MRKCHMaJibHbiB Ha6op 3Hep

rHH 3a o6opOT, C - KOHCTRHTa c1Ja30BOB TpaeKTOpHH. Ha OCHOBaHHH 

/6/ nony'IHM 

1 K ~ .., -·max (l'l¢ ), 
._,an 217 /7/ 
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r.ne MaKCHMYM 6epeTCH ITO TpaeKTOpHHM C HMelO~HMHCH 'laCTHI.la· 

MH • .[(nx IIC.[(II- pe)I(BMa ITOJIY'IHM K3 a 11 ,. 15%. 

,4POEJIEHHE IIY'IKA 

.[(JIH HeKOTOpbiX <iJH3H'IeCKHX 3KCITepHMeHTOB ITOJie3HO HMeTb 

q • cryCTKOB BMeCTO O.UHOrO Ha ITepao.ne o6pa~eHHH 'laCTHI.l. 3TOT 

pe)I(HM MO)I(eT 6biTb ITOJiy'leH ITpH pa6oTe C • 3JieKTpo.na Ha Q • 

KpaTHOCTH 'laCTOTbl o6pa~eHHH. llapaMeTpbi TaKOH CHCTeMbl .UJIH 

IIC.[(II- pe)I(HMa MoryT 6biTb Haii.neHbl Ha ocHoBaHHH peweHHH I 41 . 
Pe3yJibTaTbl pac'leTa ITO 141 ITpe,nCTaBJieHbl Ha puc. 10, H3 KOTO· 

a 
poro BH.UHO, 'ITO ITpH q '> 5 H3 • 3a q · lf- > f CHJlbHO B03paCTaeT 

Tpe6yeMOe V me , 'ITO , ITO·BH.UHMOMy, H HBJIHeTCH orpaHH'IeHHeM 

Ha KpaTHOCTb .npo6neHHH ITY'IKa. Pac'leT 3$<lleKTHBHOCTH 3axBaTa 

B pe)I(HMe IIC.[(II ITOKa3aJI, 'ITO f max < 60o/o IT pH q =5 /puc. Bl, 

12 

Vmc 1 tMmc 
IKBl 1---;--

20 (K35) 

10 

0,05t90 

P;c 
0.04+89 

0.03-t88 

0.02+87 

0.01+86 

0 0 
1 2 3 4 5 6 7 8 9 10 q 

Puc.10. IlapaMempbl cucmeMbl ~po6AeHU.JI ny'iKa. 

'ITO 06'bHCHHeTCH MeHbWHM COrJiaCOBaHHeM CeiTapaTpHC ,nyaHTa 

H C - 3JieKTpo.na B 3TOM cnyqae I puc. 111. 1-13 3Toro pucyHKa 
T aK)I(e BH.UHO, 'ITO MO)I(HO 0)1(H,naTb HepaBHOMepHOrO 3aiTOJIHeHHH 

CeiTapaTpHC C • 3JieKTpo.na ITpH Q > 1. lJTO KacaeTCH K:lall , TO , 

KaK BH.UHO H3 161, C y'leTOM TOrO, 'ITO Trp - 1/ y Q: CYMMapHOe 

3Ha'leHHe K.1a11 .nnx q -ceiTapaTpac He 3aBHCHT oT 3Ha'leHHH q . 

3TO 03Ha'laeT, 'ITO Ka)I(.UblH H3 cryCTKOB 6y,neT B q pa3 MeHb

WeH .UJIHTeJibHOCTH, 'leM 3TO 6b!JIO B pe)I(HMe 6e3 .npo6JieHHH 

ITY 'IKa . 

6W,.(~·13B) Vrnc=11 KB 
5 

Cu 

-100 3008° 

Puc .11. Cenapampucbl ~yaHma u 
ny'iKa. 

C - 3AeKmpo~a npu ~po6AeHuu 

IIEPE3AXBAT H3 IIPE,4BAPHTEJibHO 
OCTAHOBJIEHHOrO IIYtiKA 

B 3TOM pe)I(HMe V 0 0 ( t) OITpe.nenxeTcx ITO I 11, r.ne 2 L\ r 

MaJIO ITO cpaBHeHHIO C T CpD . lJacTOTHaH ITporpaMMa f 
0

(t ) TaK

)I(e COBITa.naeT c pe)I(HMOM IIC.[(II. fi3MeHeHax KacalOTCH HaiTpx-

)l(eHHH Ha C - 3JieKTpo.ne V0 c( t) a qacTOTbi f cCt ) C 

3JieKTpo.na : 

l 
Q , ITpH t < T S 

t- T V (t) = __ s_v . ITpH r < t <r +~ t 
OC ~ t me S S C 

c 
V IT pH t > T + ~ t , 

me S C 

181 
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r.IJ.e 's =Tn +6.r +6. tc ' 

6. tc > T ¢c 

.• ~ fc(t-M-6.tc) 
f (t) = f ( T ) c c s 

f (t-M-26.t ) c c 

t < T S 

r 
8 
< t < r

8 
+ 6. t c 

t > r +6.t s c 

r .IJ.e f c< t) - 'laC ToT a Ha C - :meKTPO.IJ.e a pe)I(HMe IIC,ll;II 

/puc. 3/. IlpH 6biCTpOM CHJITHH V OD H DpH OTCYTCTBHH HaDpJI)I(e

HHJI Ha C -3neKTpO)J.e 'laCTHUbl 3aDORHJIIDT BeCb )J.Hana30H $a3, 

paBHbiH 2 rr , npa coxpaHeHHH 3HepreTH'IecKoro pa3Mepa ny'IKa. 

Il03TOMY $a30BaJI nno~a)J.b OCTaHOBneHHOrO DY'IKa B03paCTaeT )J.O 

3Ha'leHHJI 

A 
n 

26.Wmci?. 

rn /9/ 

B 3TOM cny'lae .IJ.RJI nonHoro nepe3axoaTa Heo6xo.IJ.HMO, KaK 3To 

cne.IJ.yeT H3 puc. 8, yoena'leHHe HanpJI)I(eHHJI Ha C - 3neKTPO.IJ.e 

.IJ.O V mc=43 KB npa q =5. Ilpa 3TOM HMeeT MecTo paBHOMepHoe 

3anonHeHae ocex q -cenapaTpac , a He Tpe6yeTCJI cno)I(HOro 

o6opy)J.OBaHHJI )J.RJI CHHXpOHH3aUHH $a3 'laCTOTHbiX nporpaMM yCKO

pg~~HX CHCTeM. )l;aHHbiH pe)I(HM MO)I(eT 6LITb peKOMeH)J.OBaH )J.RJI 

DY'IKOB C MaRbiM 3HepreTH'IeCKHM pa3MepOM, KOr)J.a He06XO)J.HMOe 

3Ha'leHae V me .IJ.RJI nonHoro nepe3axoaTa ny'IKa He cTonL oenaKo, 

KaK )J.RJI CHHXPOUHKROTpOHa OliJIIi . . 

B 3aKniD'IeHae cne.IJ.yeT OTMeTHTb, 'ITO pe3ynLTaTLI npoBe.IJ.eH

Horo accne.IJ.oBaHHJI H pa3pa6oTaHHaJI MeTO.IJ.HKa pac'leTa 6Y.IJ.YT 

HCDORb30BaHbl DpH npoeKTHpOBaHHH CHCTeMbl paCTJI)I(KH DY'IKa 

CHRbHOTO'IHOrO $a30TpOHa C DpOCTpaHCTBeHHOH Bapaauaeii: DORJI 

/yeT. "4>"/. 

ABTopbl 6naro.IJ.apJIT Jl.M.OHH~eHKo, II. T .IIIawnJIHHHKOBa 3a 

o6cy)I()J.eHHe OT)J.enbHbiX BODpOCOB, 6.H.Map'leHKO, T .H.TOMHRHHy, 

B.A.JIKooneoa 3a npe.IJ.OCTaoneHHe 3KcnepaMeHTanLHbiX .IJ.aHHbiX 

DO YCKOp.IIID~HM CHCTeMaM CHHXPOUHKROTpOHa OliJIIi. 
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